Male voles were raised from birth to 100 days of age in photoperiods of 16L:8D or 6L:18D. In the long photoperiod testes increased in size between 15 and 80 days of age, and there was an increase in seminal vesicle weight from 60 days of age. Spermatozoa were present in the testes at 60 days of age. In the short photoperiod testicular growth did not begin until 50 days of age with the seminal vesicles beginning to increase at 80 days of age. Spermatozoa were present in the testes at 100 days of age. Pituitary secretion in vitro of LH and FSH in response to 1 pmol GnRH, as well as hypothalamic GnRH content, rose to peaks at 50 and 80 days of age respectively in animals exposed to long photoperiods. There was no change in pituitary secretion of FSH in response to GnRH stimulation in animals from the short photoperiod. However, pituitary release of LH in response to 1 pmol GnRH rose to a peak at 80 days of age. Hypothalamic GnRH content rose to a peak at 50 days of age and then declined. The relationship between the hypothalamic GnRH and the sensitivity of the pituitary to GnRH stimulation is compatible with the idea that GnRH can mediate its own receptor numbers.
Introduction
Exposure of male voles to long photoperiods allows rapid testicular development while exposure to short photoperiods inhibits growth (Baker & Ranson, 1932; Grocock & Clarke, 1974; Grocock, 1979) . Such development is accompanied by elevated pituitary gonadotrophin content (Clarke & Forsyth, 1964; Worth, Charlton & MacKinnon, 1973) and increased gonadotrophin secretion (Craven & Clarke, 1982) . The increase in gonadotrophin secretion may well result from an increase in hypothalamic GnRH release, or an alteration in the response of the pituitary to GnRH stimu¬ lation, or to a combination of these two processes. The present study was undertaken to determine whether there were any changes in the response of the pituitary to GnRH stimulation or in hypothalamic GnRH content during sexual development.
Materials and Methods
All animals used were from a breeding colony maintained in the Department of Biology at Oxford Polytechnic, and fed on a diet of fresh carrots and Labsure PRD diet (RHD Agriculture (South), Poole, Dorset, UK) . Water was provided ad libitum. Cotton wool and hay were used as bedding material. Pregnant animals were assigned randomly to a photoperiod of either 16 h light:8 h dark ( 16L:8D) or 6 h light: 18 h dark (6L: 18D), lights on at 07:00 h. The young were weaned at 16 days of age and kept 4-6 to a cage in the photoperiod prevailing at their birth. Animals were killed by decapitation at 5, 10, 15, 20, 30, 50, 60, 80 or 100 days of age. Their pituitaries were bisected and the two halves incubated together in 25 ml conical flasks containing 2 ml Minimum Essential Medium with Earle's salts and 20mM-Hepes buffer (Flow Laboratories, PO Box 17, Irvine, KA12 8NB, UK) at pH 7-4 to which was added one drop of 20 mM-L-glutamine. The flasks were shaken at 37°C in an atmosphere of 95% 02 and 5% C02. The medium was changed after a 30-min preincubation period. After a further 5 min a 200 µ aliquant was removed for assay and replaced with 200 µ of fresh medium containing 1 pmol synthetic ovine GnRH (L 0507: Sigma, Poole, BH17 7NH, UK). Another aliquant was removed after a further 55 min of incubation. The differences in LH and FSH between the 5and 55-min samples were corrected for time and volume and expressed as LH ng/h and FSH ng/h. The hypothalamus (anterior limit, the optic chiasma: posterior limit, the mamillary body: lateral limit, 1-2 mm each side of the mid-line: dorsal limit, 2-3 mm from the base of the brain) was removed and extracted with 1 0 ml ice-cold 0-1 m-HCI. After centrifugation at 9000 # for 2 min the acid extract was freeze dried and stored in a desiccator at -20°C before being sent to Bristol for GnRH assay. The testes and seminal vesicles were removed and weighed. Paraffin-wax sections of testes (8 µ ) were prepared by standard methods and stained with Erlich's haematoxylin and eosin.
LH and FSH were measured using a heterologous double antibody radioimmunoassay (Craven & Clarke, 1982) . Inter-and intra-assay coefficients of variation were, respectively, 11-7 and 101% for LH and 10-6 and 8-3% for FSH. Antiserum to ovine LH and ovine LH for iodination were kindly provided by Professor G. D. Niswender (Fort Collins, Colorado) and Professor L. E. Reichert (Albany, New York), respectively. Antiserum to rat FSH, rat FSH for iodination, and the reference preparations (ovine LH, S19; rat FSH RP-1) were generously given by the NIAMDD, NIH, Bethesda, USA. Hypothalamic GnRH content was measured using an antiserum (H21573) provided by Dr H. M. Fraser (Edinburgh) and iodinated synthetic ovine LHRH. Content is given in terms of an ovine GnRH standard. Vole hypothalamic extracts were first shown to dilute out in parallel with ovine GnRH. All the samples were then measured in a single assay at two dilutions each in duplicate. Intra-assay variation in the GnRH assay was 6-7%.
The data were analysed by analysis of variance and Student's t test for the significance of differ¬ ences between means. Values of < 0-05 have been regarded as indicating statistical significance.
Results

Weight changes in the testes and seminal vesicles
There were significant changes with age in the weights of the testes and seminal vesicles of voles from both photoperiods ( Fig. 1 ). Testes and seminal vesicles were heavier in animals from 16L:8D than in those from 6L:18D at and after Days 30 and 80 respectively. Mature spermatozoa were present in the testes of animals from 16L:8D at 60 days of age, and at 100 days of age in animals from6L:18D.
Gonadotrophin secretion in vitro in response to GnRH stimulation
The change in secretion of LH from the pituitary gland in vitro in response to 1 pmol GnRH ( LH) changed significantly with age in animals from both photoperiods (Fig. 2 ). Baseline levels of LH varied between 0-7 and 11 ng/ml at 10 days of age and 140 and 5-2 ng/ml at 100 days of age in animals from 16L:8D and 6L:18D, respectively. The LH values were significantly higher at 60 and 100 days of age in animals from 16L:8D than in voles from 6L:18D. The LH value showed a significant (P<0-05) increase between 50 and 60 days of age in animals from the long photoperiod. The secretion of FSH from the pituitary in response to 1 pmol GnRH ( FSH) also showed signifi¬ cant changes with age in voles from the long but not the short photoperiod (Fig. 2 ). Baseline levels of FSH varied between 10 and 230 ng/ml at 10 and 100 days of age in animals from 16L:8D and between 15 ng/ml and 38 ng/ml at 10 and 50 days of age in anmials from 6L: 18D. The FSH values showed a significant (P< 0-05) increase between 50 and 60 days of age in voles from 16L:8D. There was a significantly greater FSH response in voles from 16L:8D than in voles from 6L:18D at 60 days of age. Age (days) Fig. 1 . Testicular and seminal vesicle weights of voles exposed from birth to long and short photoperiods. Each point is the mean ± s.e.m. for the sample size indicated. F ratios from analysis of variance, and degrees of freedom are given. Individual values are compared with corresponding values from different treatments. *P< 005; **p< 001; ***P< 0001. Hypothalamic GnRH content of voles exposed from birth to long and short photoperiods. Each point is the mean ± s.e.m. for the sample size indicated. F ratios from analysis of variance, and degrees of freedom are given. Individual values are compared with corresponding values from different treatments. *P<005; **P<001; ***P<0001.
GnRH content of the medio-basal hypothalamus The GnRH content of the medio-basal hypothalamus changed significantly with age in animals from both photoperiods (Fig. 3 ). Hypothalamic GnRH content increased significantly (P< 005) from 20 to 80 days, and from 10 to 50 days of age in animals from 16L:8D and 6L:18D, respect¬ ively, followed by a significant (P<0-05) decrease by 100 days of age in voles from both photo¬ periods. The hypothalamic GnRH content was significantly higher at 30 days of age in animals from 6L:18D than in those from 16L:8D.
Discussion
The effect of age and photoperiod on testicular development in our study is relatively straight¬ forward and broadly in agreement with the results of Grocock (1979) and Craven & Clarke (1982) . Testes from voles raised in the long photoperiod became larger and more active, as judged by the size of the seminal vesicles and the state of the seminiferous tubules, than did those of animals from the short photoperiod. The appearance of spermatozoa in the testes of voles living in 16L:8D occurred later (50-60 days of age) than previously reported (35-40 days, Grocock, 1979; 35 days, Craven & Clarke, 1982) . The age at which spermatozoa were first seen in the testes of animals raised in 6L:18D (100 days of age) is in agreement with that reported by Grocock (1979) .
Previous work has shown that the increase in growth and activity of the testes during puberty is associated with high plasma and pituitary concentrations of LH and low plasma and pituitary con¬ centrations of FSH (Craven & Clarke, 1982) . The increase in the secretion of LH by the pituitary in response to GnRH stimulation which occurs at puberty (Fig. 2) indicates a mechanism by which the increase in LH output may be produced. Changes in the sensitivity of the pituitary to GnRH stimulation associated with puberty, or with photoperiodically-induced testicular development have been reported for the quail (Davies & Bicknell, 1976) , the ram (Lincoln, 1976) and the rabbit (Berger, Jean-Foucher, de Turckheim, Veysierre & Jean, 1981) . This increase in pituitary sensitivity to GnRH stimulation may well reflect an increase in the number of GnRH receptors. Such an increase in GnRH receptor number has been found at puberty in the rat (Chan, Clayton, Knox & Catt, 1981; Wagner, Doehler & Brabant, 1983) . In voles there was a clear increase in hypothalamic GnRH at this time and it is not unreasonable to assume that such an increase in content reflects an increase in the secretion of GnRH. Kamberi, De Vellis, Bacleon & Inglish (1980) reported increasing GnRH levels in the hypothalamus of the developing rat, and believed these to be accompanied by parallel increasing GnRH secretion. The hypothalamic GnRH levels of voles from 16L:8D are very similar to those reported for wild voles (Charlton, Chiappa, Fink, Grocock & Versi, 1982) , although they are higher than those reported by Versi, Chiappa, Fink & Charlton (1983) . These data suggest that the increase in LH secretion which occurs at puberty in the vole is produced by a combination of elevated GnRH secretion and increased pituitary sensitivity to the circulating GnRH.
The development of the mechanism by which LH synthesis and secretion is increased occurs at a time of increasing testosterone output, as indicated by the rise in seminal vesicle weight (Fig. 1 ). Testosterone has been reported to reduce the number of GnRH receptors in the pituitary (Frager, Pieper, Toretta, Duncan & Marshall, 1981; Naess et al., 1981; Conne, Scaglioni, Lang, Sizenko & Aubert, 1982) , and pituitary cell cultures (Giguerre, Lefebre & Labrie, 1981) . This fall in receptor titre can result in a decrease in the response of the pituitary gland to GnRH stimulation (Giguerre et ai, 1981) . Thus, a reduction in the sensitivity of the pituitary to GnRH might be expected in the face of rising circulating testosterone. This is not the case in the developing vole, and there are several possible explanations of this apparent contradiction. The self-priming effect of GnRH is well documented (Aiyer, Chiappa & Fink, 1974; Edwardson & Gilbert, 1976; Pickering & Fink, 1976; Fauser, Dony, Doesburg & Rolland, 1983) , and may well be a consequence of an increase in its own receptors (Frager et ai, 1981; Clayton, Channabasavaiah, Stewart & Catt, 1982; Loumaye & Catt, 1982; Pieper, Gala, Regiani & Marshall, 1982; Conn, Rogers & Seay, 1983) . It is therefore possible that the increase in pituitary sensitivity to GnRH stimulation seen at puberty in photoperiodically stimulated voles is an expression of GnRH-controlled up regulation of GnRH receptors, the degree of photoperiodic stimulation in the long-day voles being so great as to overcome any inhibitory effects of testosterone. This is believed to operate in other photoperiodsensitive rodents (Simpson, Follett & Ellis, 1982) .
In contrast to LH the increase in pituitary release of FSH (Fig. 2 ) in response to GnRH stimu¬ lation seen at puberty in males from 16L:8D is associated with falling or low plasma FSH levels (Craven & Clarke, 1982) . Chan et al. (1981) reported that the GnRH receptors in developing males and female rats had the same K^values, suggesting a single population of receptors responsible for stimulating both FSH and LH secretion. The apparent dichotomy between LH and FSH suggests that the FSH secretion can be uncoupled from that of LH, possibly by means of feedback (steroidal or non-steroidal) acting on the FSH cells themselves.
Voles from the short photoperiod show no change in FSH (Fig. 2 ). There is a significant change in LH in these animals which is smaller, and occurs some 20 days later, at 80 days of age, than the change in LH in voles from the long photoperiod (Fig. 2 ). There is also an increase in hypothalamic GnRH content which reaches a peak at 50 days of age (Fig. 3) . In contrast with the long-day animals this increase is not associated with an increase in pituitary sensitivity, suggesting that in animals exposed from birth to a short photoperiod GnRH does not stimulate the produc¬ tion of its own receptors as it appears to do in animals from the long photoperiod. Lowered numbers of GnRH receptors would cause a reduction in sensitivity to GnRH and may partly explain the low plasma concentrations of gonadotrophins seen in animals exposed to short photoperiods (Craven & Clarke, 1982) . The mechanism that prevents GnRH from stimulating the production of its own receptors in these animals remains unclear.
